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Advanced Topics 
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 What to do if there is no data? Or if available 

data points are of poor quality? 

 Data gaps and quality assessment 

 Qualitative and quantitative uncertainty analysis 



Advanced Topics 
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 Data gaps and quality assessment 

 Qualitative and quantitative uncertainty analysis 



9.3 Addressing Data Gaps 
5 

 “… the responsible entity may use any of a variety 

of approaches to address data gaps.” 

 

 “help the responsible entity to identify relevant 

factors, support decision-making, and select 

future research efforts.” 

From AA Guide p114 



Process-specific Data Gaps  
6 

 Data gap for a specific process for a particular 

chemical and product combination (e.g., lack of 

data on resource and materials consumption and 

emissions/discharge from the process); 

 Inadequate data for a particular region, time 

period, or technology; 

Modified from AA Guide p114 



Address Process-specific Data Gaps  
7 

Use proxy data sets or extrapolated data 

to provide a reasonable estimate 

Use existing environmental data from one process 

to represent a similar process; 

 It is important to consider the data source, accuracy, 

age, etc; 

 

 

Modified from AA Guide p115, 116 



Proxy Method 1 
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From AA Guide p115 



Proxy Method 2 
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Proxy Method 3 
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Hands-on Example 

11 



Chemical-specific Data Gaps  
12 

 Data gap for evaluation of hazard traits or 

potential exposures of chemicals; 

 Use read-across and trend analysis (e.g. 

QSAR) to estimate or predict missing endpoints; 

Modified from AA Guide p116 



Read-across Method 
13 

 A technique to predict toxicity information for one 

chemical by using toxicity information of another 

chemical based on their structural or functional 

similarity; 

 Require trained experts to group chemicals based 

on structural similarity, mechanistic or analogue 

approach; 

 

Modified from AA Guide p116 



Chemical Similarity 
14 

 The similarity of chemical structural or functional 

qualities; 

 “Similar compounds have similar properties.”  

 Often used in drug design studies by screening 

large databases containing structures of available 

chemicals; 
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Examples from CLiCC 



Trend Analysis 
16 

 A technique of predicting toxicology by analyzing 

correlations between a hazard trait to some 

physicochemical properties; 

 e.g. QSAR 

 

Modified from AA Guide p117 



QSAR 
17 

From AA Guide p117 



CLiCC Example 
18 

 QSAR-screenshot 



Address Chemical-specific Data Gaps  

19 

 Use measured data from a suitable analog; 

 Use approximations based on surrogate data; 

 Use estimated data from computational models; 

Modified from AA Guide p122 



Summary of Data Gap 
20 

 Address process-specific and chemical-specific data 

gaps; 

 Document data collection efforts and explain why a 

chemical is eliminated from consideration due to 

data gaps; 

Modified from AA Guide page 122 



Advanced Topics 
21 

 Data gaps and quality assessment 

 Qualitative and quantitative uncertainty analysis 



9.4 Addressing Uncertainty  
22 

 “…distinguish the key uncertainties and scale of 

these uncertainties. The responsible entity may 

treat uncertainty in several ways.” 

 

 “the responsible entity may focus on addressing 

uncertainties that are likely to have greater 

relevance (i.e., those that prevent them from 

reaching a reliable AA conclusion).” (i.e., materiality 

of uncertainty) 

From AA Guide p123 



What is Uncertainty? 
23 

 The lack of knowledge 

 Random error and statistical variation 

 Inherent randomness 

 Approximation 

 



Why Does Uncertainty Matter? 
24 

 Uncertainty cannot be completely avoided 

 Lead to inaccurate and/or imprecise LCA or 

RA results  

 Uncertainty is useful information 

 Where to focus future research? 

 What are the worst case scenarios? 



Sources of Uncertainty 
25 

 Parameter uncertainty due to imprecise 

knowledge of parameters; 

 Temporal and spatial variability in parameters; 

 Variability between sources in the LCI and 

between objects of the assessment in the LCIA;  

 Uncertainty in the models; 

 Uncertainty due to choices in LCA; 

Geisler, et al. Uncertainty Analysis in Life Cycle Assessment (LCA): 

Case Study on Plant-Protection Products and Implications for Decision Making  



Recommended Approach to 

Uncertainty Analysis in A.A. Report 

(handout) 
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27 From AA Guide page 124 
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Step 1: Collect data from primary and 

secondary sources  
29 

 Comprehensive search of the literature and existing 

databases for available data; 

 Scientific literature or measured data from site-

specific or process-specific sources; 

 High-quality review papers, peer-reviewed 

advisory reports, published handbooks, or peer-

reviewed databases; 

 

 

 

 
Modified from AA Guide p125 



Step 2: Apply read-across, QSAR model, 

or proxy data to address some data gaps  
30 

 Use a read-across technique, a trend analysis, or 

QSAR models for missing chemical-specific 

information; 

 Use proxy data to provide a reasonable estimate; 

 

 

 

 



Step 3: Make assumptions based on best 

professional judgments to continue AA  
31 

 Use expert estimates, historical case reports, or 

assumptions made based on best professional 

judgments to address data gap; 

 

 

 

 

 



Step 4: Create a list of uncertainties  

32 

 Identify, consider, and document uncertainties in 

each step of the AA process;  

 Include uncertainties related to approaches to 

addressing data gaps and assumptions;  

 

 

 

 

 

 



Step 5: Undertake a qualitative 

assessment of uncertainties  
33 

 Use available approaches and methods to show the 

effect and extent of potential uncertainties on their AA 

outcome;  

 For example, a ranking system 

 Use +++, ++, +, -, -- or --- to communicate both the direction 

(underestimate or overestimate) and magnitude (minor, medium or 

major effect) of the uncertainties 

 e.g., +++ is a major overestimate; - is a minor underestimate 

 

 



Assess Data Quality 
34 

 Evaluate LCI Data Quality 

 Pedigree Matrix of Data Quality Indicators  

 ISO Standard 14044: Environmental Management – Life Cycle 

Assessment – Requirements and Guidelines  

 US EPA Guidelines for Assessing the Quality of Life-Cycle Inventory 

Analysis 

 Evaluate Chemical Safety Assessment Data Quality 

 OECD HPV Chemicals Program  

 EU REACH Regulation Guidance Documents  

 IPCS Harmonization Project  
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Weidema, B.P., Bauer, C., Hischier, R., Mutel, C., 
Nemecek, T., Reinhard, J., Vadenbo, C. O., and 
Wernet, G. Overview and Methodology, Data 
Quality Guideline for Ecoinvent Database 
Version 3. Ecoinvent Report No. 1 (v3). Swiss 
Centre for Life Cycle Inventories, St. Gallen, 
Switzerland, 2013.  

Pedigree 

Matrix of  

Data Quality 

Indicators  



An example from US LCI 
  

- Toluene diisocyanate, at plant  
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North America 
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39 

39 
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 ++/-- 

Weidema, B.P., Bauer, C., Hischier, R., Mutel, C., 
Nemecek, T., Reinhard, J., Vadenbo, C. O., and 
Wernet, G. Overview and Methodology, Data 
Quality Guideline for Ecoinvent Database 
Version 3. Ecoinvent Report No. 1 (v3). Swiss 
Centre for Life Cycle Inventories, St. Gallen, 
Switzerland, 2013.  

Pedigree 

Matrix of  

Data Quality 

Indicators  



ISO Standard 14044: Environmental Management – 

Life Cycle Assessment – Requirements and Guidelines  

41 

 Time-related coverage 

 Technology coverage 

 Completeness 

 Representativeness 

 Consistency 

 Reproducibility 

 Sources of the data  

 Uncertainty of the information  

Modified from AA Guide p214 
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US EPA Guidelines for Assessing the Quality of Life-Cycle Inventory Analysis 

From AA Guide p216 



Step 5: Undertake a qualitative 

assessment of uncertainties  
43 

Human health Model Input 

parameter 

x1 

Input 

parameter 

x2 

Input 

parameter 

x3 

Scenario 

Chemical X - +/- ++ +/- 

 

-- 

Alternative A + -- +++ + +/- 

Alternative B + +/- 

 

-- +/- 

 

+ 



Step 6: Undertake a simple form of 

quantitative uncertainty analysis  
44 

 Use sensitivity analysis or scenario analysis 

 Determine the low and high estimates for each 

major parameter or build worst and best case 

scenarios  

 No further uncertainty analysis is necessary if the 

AA result is not affected significantly 



Step 7: Undertake a complex form of 

uncertainty analysis  
45 

 Use statistical methods based on probability 

distribution to perform uncertainty analysis 

 Such as Monte Carlo simulations, bootstrapping, 

fuzzy set theory, and Bayesian analysis  

 



Step 7: Undertake a complex form of 

uncertainty analysis  
46 



Step 7: Undertake a complex form of 

uncertainty analysis  
47 

Parameter

Distribution

(every parameter)

Calculate distribution of

aggregate results related to

deterministic result

Default parameter

uncertainty

(250+ parameters)

User-defined

parameter

uncertainty

Random Sampling

over each

distribution

Run individual

model/s

Calculate distribution

of intermediate

results



Examples from CLiCC 
48 

 +/- 

m 

m 

m 

Benzyl Alcohol 



Examples from CLiCC 
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 +/- 

Concentrations 



Final Step: Presenting the uncertainty in 

the AA Reports 
50 

 Fully describe the uncertainties in the submitted AA 

report 

 Document the uncertainties  

 Key sources of uncertainty and their impacts on the AA results 

 Overall degree of uncertainty that can be placed in the AA results 

 Critical assumptions and their importance to the AA results 

 Unimportant assumptions and why they are considered as 

unimportant 

 Key conflicting information or key scientific debates involved and 

how they might impact the AA results 

 

Modified from AA Guide p128 



51 From AA Guide p131 



Summary of Uncertainty Analysis 
52 

 Follow a structured approach to gather information 

 Address two primary categories of data gaps – 

process-specific and chemical-specific data gaps in 

AA 

 Need to fully consider uncertainties before making 

a decision 

 Document the data in information used – either 

measured, referenced, or modeled 

 

 
Modified from AA Guide p128 



HANDS-ON EXAMPLES: 

APPLICATION OF 

UNCERTAINTY ANALYSIS 

TOOLS TO SAMPLE 

SUBSTANCES 

Dr. Sangwon Suh (Aug 10th, 1:45pm-2:30pm) 
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Go to Excel Exercise 



QUESTION & ANSWER 

SESSION 

55 


